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High throughput generation of aircraft-like soot:
Dynamics of soot surface growth and agglomeration by enclosed spray combustion of jet fuel
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Ailrcraft emissions

Ultrafine (< 100 nm) particle air pollution [2]
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Non-CO, radiative forcing accounts for
Ly 66% of aviation net radiative forcing! [1]
T

[1] Lee, D.S. et al. The contribution of global aviation to anthropogenic climate forcking for 2000 — 2018 (2021) Atmos. Environ. 244. 117834
[2] D. Westerdahl, S.A. Fruin, P.L. Fine, C. Sioutas (2008) Atmos. Environ. 42, 3143-3155.



Soaitmercial Soot Generator This work, enclosed
spray flames:
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Aircraft-like with high
SSA measurements require 10s of mg of soot! throughput

[1] U. Trivanovic, G.K. Kelesidis, S.E. Pratsinis (2022) Aerosol Sci. Technol. 56, 732-743.



Enclosed spray combustion of jet fuel

({ Thermocouple [3]f| | Rotating disk

[1] U. Trivanovic, G.K. Kelesidis, S.E. Pratsinis (2022) Aerosol Sci. Technol. 56, 732-743.
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Characteristics of enclosed spray combustion (ESC) soot
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ESC soot d, ~ 14 nm
Aircraft soot d, from 10 — 20 nm [3]

ESC soot 10% < OC/TC < 20%

High thrust aircraft soot
OC/TC < 25% [2]



Mass concentration
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Pore size distributions & Specific Surface Area (SSA)
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Evolution of mobility and primary particle diameter (EQR = 1.46)

Surface growth and Residence time, t (ms)
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Raman vs Height Above the Burner (HAB)
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Aircraft soot [2]

" DI/G =0.85-0.94

0.90+0.01

0.87 £ 0.02

| 0.88+0.01

Disorder/Graphitic band ratio,
D/G =0.85+0.01



Raman D/G ratio vs primary particle diameter
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Crystallite size vs primary particle diameter

U. Trivanovic, M.

L
\l
o

Interlayer distance, dg,, (A)
w
o
(@]

3.75  —&— Interlayer distance, d,g,
- A - Crystallite length, L. -7
,/// [ 1 ' . .
14 16 18 20 22 24

12

Median primary particle diameter, Jp (nm)

Pereira Martins, S. Benz, G.A. Kelesidis, S.E. Pratsinis (2023) Fuel. 342, 127864.

1.5

=
IN

|_\
w
(wu) °7 ‘yrbus) ayeIsAID

1.2

10



Reducing aircraft soot emissions

N, only
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Soot volume fraction, f /f

99.6% reduction in f, !
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G.A. Kelesidis, A. Nagarkar, U. Trivanovic, S.E. Pratsinis (2023) Environ. Sci. Technol. Just Accepted.
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Conclusions | Richer flame 3

Aircraft

« Relatively large quantities of aircraft-like soot are
generated by enclosed spray combustion (ESC)

dN/dlog(cy)/Ney

1.59

i
‘ 258 m?/
- m
PRAREN ?

1.46

100
Mobility diameter, d,, (nm)

« This allows for example determination of the specific surface area
(SSA) showing that such soot is largely non-porous
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* Injection of O, can nearly eliminate soot emissions

Soot volume fraction, f /f

99.6% reduction in f,,!

O, concentration in injected N,, %
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